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Tuesday, February 28, 2012 425amicroscopy. We imaged spontaneous and stimulus-induced neuronal activity
in the barrel cortex. Transgenic mice exhibited abnormal calcium activity char-
acterized by augmented, long-lasting transients with considerable deviation
from the exponential decay. The most evident pathology was observed in
response to a repetitive stimulation when subsequent stimuli were presented
before relaxation of calcium signal to the baseline. Augmented calcium entry
can result from an increase in neuronal spiking or a decrease in a cell buffering
capacity. To address the former possibility, we performed in vivo electrophys-
iological recordings of population spiking activity. Our measurements
revealed no significant increase in neuronal spiking response compared
to age-matched controls. To investigate potential impairment in calcium
buffering, we conducted experiments in a neuronal cell line expressing a-syn-
uclein. Inhibitors of the calcium influx into the intracellular calcium stores
(mitochondria and endoplasmic reticulum) rescued cytosolic calcium levels,
elevated by a-synuclein, while inhibitors of the calcium influx via channels
located on the plasma membrane were ineffective. These studies support the
notion that a-synuclein dysregulates calcium buffering capacity in vivo. More-
over, the characteristic shape of calcium decay and augmentation of the
response amplitude during repetitive stimulation can serve as in vivo imaging
biomarkers for screening of potential therapeutic agents in this model of
neurodegeneration.
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Store operated calcium entry (SOCE) is a principal cellular process by which
cells regulate basal calcium, refill intracellular calcium stores and execute
a wide range of specialized activities. In recent years tremendous progress
has been made in understanding the nature of the molecular components and
events that govern SOCE activation. STIM and Orai were identified as the
essential components able to reconstitute Ca2þ release-activated Ca2þ
(CRAC) channels that mediate SOCE. Here, we report the molecular identifi-
cation of SERAF, a novel regulator of SOCE. Using heterologous expression,
RNAi-mediated silencing and site directed mutagenesis, combined with elec-
trophysiological, biochemical and imaging techniques; we show that SERAF
is an endoplasmic reticulum membrane protein that associates with STIM to
facilitate SOCE inactivation following calcium refilling. SERAF, therefore,
plays a key role in shaping cytosolic Ca2þ signals and determining the content
of the major intracellular calcium stores, role that is likely to be important for
protecting cells from calcium overfilling.
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The best characterised calcium channel in immune cells is the store-operated
calcium release activated calcium channel (CRAC); studies in heterologous ex-
pression systems and knockout mice have identified Orai and its regulator
STIM1, an ER-resident calcium sensor, as the molecular constituents of
CRAC. Members of the TRPC family are also likely to contribute to store-
operated calcium entry (SOCE) in immune cells. The expression of Orai and
TRPC channels in primary human mast cells has not yet been investigated,
but is of key importance given the critical role these cells play in the pathophys-
iology of type-1 hypersensitivity reactions. Allergic activation occurs follow-
ing cross-linking of the FcεRI receptor by antigen-IgE complexes that, via
PLC-g signalling, leads to robust activation of SOCE. The resulting calcium
signal stimulates secretion and production of pro-inflammatory mediators.
The aim of this study was to characterize the biophysical and pharmacological
properties of CRAC channels in human lung mast cells (HLMC) following
SOCE.
RT-PCR revealed mRNA expression for Orai1, Orai2, STIM1 and STIM2 but
not Orai3 in HLMCs. Whole-cell patch clamp recordings of isolated, cultured
HLMCs were carried out using a Cs-based internal solution, with added IP3 and
BAPTA to activate SOCE. These conditions activated an inwardly rectifying
current with Erev= 1854mV (n=6), a value less positive than expected for
a pure Orai/CRAC current. However, the current was potentiated in divalent-
free solution 563.756% (n=6), as expected for Orai/CRAC currents, and
was significantly attenuated 51.458% (n=6), by the Orai-specific inhibitor
Synta66 (10mM) (Ng et al. 2008., Di Sabatino et al. 2009). Calcium imaging
in HLMCs loaded with fura-2 AM showed that Synta66 also attenuated anti-
IgE induced calcium signaling by 62.2%(n=14). Taken together the data sug-
gest that both Orai and TRPC channels contribute to SOCE in HLMCs.2158-Plat
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dent of the N-Terminal Domains of STIM1
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The Orai family of Ca2þ channels includes the store-operated CRAC channels
and store-independent, arachidonic acid (AA)-activated ARC channels.
Although both channels are dependent on STIM1 for their activation, they dif-
fer in the pool of STIM1 responsible. Physiologically, CRAC channel activa-
tion relies on a loss of Ca2þ from a luminal N-terminal EF-hand domain of
STIM1 resident in the ER membrane. However, ARC channels are exclusively
regulated by the pool of STIM1 that is constitutively located in the plasma
membrane (PM). Here, the EF-hand is extracellular and is unlikely to ever
lose its bound Ca2þ - suggesting that STIM1-dependent activation of the
ARC channels is very different from that of the CRAC channels.
Expression of just the cytosolic C-terminal region of STIM1 in HEK293 cells
resulted in the complete loss of significant CRAC or ARC channel currents fol-
lowing store-depletion or AA addition, respectively. However, attachment of
the same STIM1 C-terminus to the inner face of the PM via an N-terminal
sequence based on the SH4 domain of Lck, resulted in the full restoration of
normal AA-activated ARC channel currents. Store-operated CRAC channel
currents, however, were not restored - an effect confirmed in RBL cells, whose
endogenous CRAC currents are ~4-5 times larger than those in HEK293 cells.
Finally, introduction of a point mutation within the Lck sequence that blocks
myristoylation/palmitoylation of this domain, with the consequent loss of
PM localization, resulted in the failure of effective ARC channel activation.
These data indicate that N-terminal regions of STIM1 (including the EF-
hand and SAM domains) play no significant role in AA-dependent activation
of the ARC channels, and that the simple location of the C-terminal domain
to the cytosolic face of the PM is all that is required.
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Solid-supported phospholipid bilayers are widely used as models to probe the
function of cellular membranes and as platforms for membrane protein biosens-
ing applications. Although supported lipid bilayers have a number of advan-
tages in terms of ease of fabrication and characterization, the proximity of
the membrane to the solid support is a limitation for applications that involve
incorporation of integral membrane proteins. This limitation can be overcome
by formation of supported lipid bilayers on soft polymer cushions. We have
prepared biocompatible polymer cushions by the layer-by-layer assembly of
two polysaccharide polyelectrolytes, chitosan (CHI) and hyaluronic acid
(HA), on glass substrates. (CHI/HA)5 films were characterized by atomic force
microscopy, giving an average thickness of 57 and roughness of 25 nm in aque-
ous solution at pH 6.5. Formation of zwitterionic lipid bilayers by the vesicle
fusion method was attempted using DOPC vesicles at pH 4 and pH 6.5 on
(CHI/HA)5 films. At higher pH adsorbed lipids had low mobility and large im-
mobile lipid fractions; a combination of fluorescence and AFM indicated that
this was due to the formation of heterogeneous membranes with defects and
pinned lipids, rather than to a layer of surface adsorbed vesicles. By contrast,
more uniform bilayers with mobile lipids were produced at pH 4. Fluorescence
recovery after photobleaching gave diffusion coefficients that were similar to
those for bilayers on PEG cushions and considerably higher than those mea-
sured on other polyelectrolyte films. The formation of bilayers containing
reconstituted integral membrane protein was compared on PEM and PEG films.
These results demonstrate that polysaccharides provide a useful alternative to
other polymer cushions, particularly for applications where biocompatibility
is important.
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Immiscibility of liquid mixtures occurs when Gibb’s free energy of the sepa-
rated state is more favorable to that of homogeneous state of the system. Immis-
cibility is known to be taking action in various lipid mixture membrane systems
too. Studies examining macro scale phase separations in ternary lipid mixtures
and mammalian membrane blebs have shown that domain separation can also
sort membrane components by differential chemical potentials. This behavior
is commonly extended to native cell membranes hypothesizing existence of
426a Tuesday, February 28, 2012nano-scale heterogeneous domains but actual evidence of this link has been
vague. Hence where in the phase diagram the live cell membrane is poised
would be a very important question in terms of thermodynamics even consid-
ering the possible non-equilibrium perturbation to the membrane by actin cyto-
skeleton or active exchange of components etc. Temperature dependent
fluorescence correlation spectroscopy of fluorescent labeled lipids shows a con-
sistently linear trend of mobility as a function of temperature for several differ-
ent types of lipids. Supported by Monte-Carlo simulation on random walking
particles under different states of the system, it shows cell membrane doesn’t
experience effective miscibility transition well below the physiological temper-
ature. Fluorescence lifetime study with DiI, a known local viscosity reporter,
confirms this trend, and shows a clear difference in lifetime between living
cell membranes and the blebs derived from them. This also shows even though
the membrane blebs are directly induced from the native cell membrane, they
may not be under the identical environment which would also suggest two sys-
tems being at different positions in the phase diagram.
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We currently investigate how membrane tension modifies the miscibility
properties of model lipid bilayers, namely giant unilamellar vesicles. We use
fluorescence microscopy to observe coexisting liquid phases within tempera-
ture-controlled vesicles under surface tension induced by micropipette aspira-
tion. We measure shifts in liquid/liquid miscibility temperatures as a function
of applied tension.
We compare our experimental data to the theoretical prediction of [1], by which
a surface tension of ~1mN/m should cause a decrease in miscibility temperature
of ~1K. This prediction may explain why Giant Plasma Membrane Vesicles
(GPMVs) show large-scale liquid/liquid phase coexistence [2,3] whereas un-
disturbed cell membranes do not. GPMV’s, which are detached from the cyto-
skeleton, are hypothesized to have lower surface tensions than cell membranes.
[1] Uline, Schick and Szleifer. Changes in phase behavior of lipid bilayers
under tension. Submitted.
[2] Baumgart, Hammond, Sengupta, Hess, Holowka, Baird and Webb. Large-
scale fluid/fluid phase separation of proteins and lipids in giant plasma
membrane vesicles. Proc. Natl. Acad. Sci. USA, 104:3165-3170, 2007.
[3] Veatch, Cicuta, Sengupta, Honerkamp-Smith, Holowka and Baird.
Critical fluctuations in plasma membrane vesicles. ACS Chem Biol., 3:287-
293, 2008.
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The Saffman-Delbru¨ck approximation for translational and rotational diffusion
of membrane inclusions [1, 2] is widely used in biophysical studies to relate the
inclusion size to the membrane viscosity, but is limited to small inclusion sizes,
typically not exceeding 100 nanometers. Although an exact solution of the
problem has been derived [3], its computational complexity precludes its prac-
tical applications. To overcome this difficulty, we recently developed a simple
high-accuracy analytical approximation for the translational diffusion coeffi-
cient of a membrane inclusion [4]. Using a similar approach, here we develop
a simple and accurate approximation for the rotational diffusion coefficient of
a membrane inclusion valid for all combinations of the inclusion size and vis-
cosities of the membrane and surrounding media. We demonstrate the utility of
our approximation by using it to analyze our experimental data on rotational
diffusion of gel-phase domains on giant unilamellar vesicles showing fluid-
gel coexistence.
[1] P. G. Saffman and M. Delbru¨ck, Proc. Natl. Acad. Sci. USA 72 (1975) 3111
[2] P. G. Saffman, J. Fluid Mech. 73 (1976) 593
[3] B. D. Hughes, B. A. Pailthorpe, and L. R. White, J. Fluid Mech. 110
(1981) 349.
[4] E. P. Petrov and P. Schwille, Biophys. J. 94 (2008) L41.
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Giant plasma membrane vesicles isolated from living cells undergo large and
dynamic critical fluctuations near room temperature. These results have led
us to hypothesize that fluctuations persist to growth temperatures of 37C. In
this study, we demonstrate that criticality can greatly impact the organizationof components at sites of adhesion between vesicles and a planar supported
membrane. Adhesion is accomplished through biotin- streptavidin binding
by either directly incorporating trace quantities of biotin-tagged lipids, or
indirectly using a biotin conjugated Cholera Toxin B subunit that binds to
the ganglioside GM1 incorporated into vesicles. Consistent with previous
studies, we observe finite adhesion domains rich in the adhesion molecule
(streptavidin) when a PEG lipid is incorporated into vesicles. When vesicle
membranes contain coexisting liquid phases, the presence of the adhesion
domain affects the localization of phase separated domains based on the
partitioning of the adhesion molecules. For example, we observe enrichment
of the disordered phase marker DiIC12 at the adhesion domain when the
adhesion molecule is a lipid that prefers liquid-disordered phase regions.
When vesicles have critical membrane compositions, DiI remains enriched at
sites of adhesion at temperatures >15C above the transition temperature.
This occurs even though DiI is not directly involved in adhesion. Instead,
DiI partitioning occurs likely because adhesion molecules gather fluctuations
that are rich in the lipid probe. At these same temperatures, free-floating
vesicles appear uniform on the micron-scale. We also observe DiI enrichment
or depletion at the adhesion domain when giant plasma membrane vesicles
are adhered to a supported bilayer at 37C. This occurs even though measured
critical temperatures are close to room temperature. Our results demonstrate
that membrane criticality can significantly alter the organization of membrane
components even when critical temperatures are well below growth
temperatures.
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Liposomes are one of the most extensively used model systems for studying the
physical and chemical properties of membranes and the majority of these stud-
ies have implicitly assumed that all liposomes in an ensemble are identical.
However recent measurements performed at the level of single liposomes re-
vealed the existence of intrinsic intra-sample heterogeneities that were other-
wise averaged out in ensemble experiments.
By employing fluorescently labeled lipids and measuring at the single liposome
level we examined the compositional inhomogeneity between individual lipo-
somes within an ensemble. In a recent publication we demonstrated an up to
ten-fold variation in the relative lipid composition of individual liposomes
with diameters between 50 nm and 15 mm.1 This observation is made for
both a variety of different lipid-labels and compositions, which suggest that
compositional inhomogeneity is a general phenomenon present in liposome
systems. As a result, bulk measurement of physical and chemical properties
that depend on bilayer composition, e.g. phase-transition temperature, will
produce results representing the ensemble average, which will be a convolution
of the properties arising from many different bilayer compositions of the
individual liposomes. Furthermore, we saw that the choice of liposome prepa-
ration method greatly influences the degree of compositional inhomogeneity.
This could be particularly important when using liposomes as drug delivery
carriers where the monodispersity of, and control over, bilayer properties is
instrumental.
Since the physicochemical properties of liposomes are directly linked to their
composition a direct consequence of compositional inhomogeneities is a poly-
dispersity in the properties of the individual liposomes in an ensemble.
(1) Larsen, J.; Hatzakis, N. S.; Stamou, D. J. Am. Chem. Soc. 2011, 133, 10685-
10687.
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Influenza viruses are membrane-enveloped, negative-strand RNA viruses that
employ membrane fusion to release its RNA into host cells and initiate replica-
tion. Influenza enters the cell via clathrin-mediated endocytosis. Fusion of the
viral and endosomal membrane is facilitated by the conformational change of
the viral protein hemagglutinin (HA) at low pH. Traditional bulk fusion assays
rely on the fusion fluorescently labeled viruses to synthetic lipid vesicles to ob-
tain kinetic data about the fusion pathway. However, fusion is a stochastic
event and only ensemble averages of fusion kinetics are obtained from bulk
measurements. To obtain more detail, we use fluorescence dequenching and
total internal reflection microscopy (TIRFM) to track and quantify fusion of
